The purpose of this paper is to examine the validity of the single injection thiosulfate method, proposed by Cardozo and Edelman (1) for the measurement of the extracellular fluid volume. The conclusion is that the method does not give a valid estimate of the extracellular fluid volume and probably does not even measure the volume of distribution potentially available to thiosulfate.
The purpose of this paper is to examine the validity of the single injection thiosulfate method, proposed by Cardozo and Edelman (1) for the measurement of the extracellular fluid volume. The conclusion is that the method does not give a valid estimate of the extracellular fluid volume and probably does not even measure the volume of distribution potentially available to thiosulfate.
Cardozo and Edelman gave an accurately known amount of sodium thiosulfate (about 10 gm. of Na2S2O3 5 H20 in 10 per cent solution) by intravenous injection over a period that varied from 7 to 16 minutes. They then collected venous blood samples at intervals and plotted the logarithms of the serum thiosulfate concentrations against time. The points usually fell on a straight line; this was extrapolated back to zero time, which arbitrarily was set as the moment the infusion had been started. If the points did not fall on a straight line, the test was discarded because of the variable clearance rate of the thiosulfate. The extrapolated value for serum concentration of thiosulfate (P.) is presumed to be what the concentration would be if the thiosulfate were instantaneously injected and evenly distributed in its final volume of dilution. This extrapolated P0 is then divided into the total amount of thiosulfate injected to calculate the volume of distribution.
Aside from the fact that virtually none of the thiosulfate has been injected at this zero time, the method is based upon rather questionable assumptions, which will be discussed later.
In some of the evaluations of the single injection method that follow, comparisons were made between the volumes of distribution of thiosulfate and sucrose as calculated by different methods. The other procedures used were the infusion/ slope method devised by Schwartz (2) and the calibrated infusion (IV minus UV) method of Deane, Schreiner, and Robertson (3).
MATERIAL AND METHODS
All experiments were done with hospitalized women. While they were not "normal," they were selected.
Patients with any discernible cause for disturbance in hydration, such as fever, renal disease or heart disease, were excluded. All (6), and (b) by intravenous theophylline ethylenediamine, which increases the glomerular filtration rate (7) and therefore the renal excretion rate of thiosulfate. More than half of the experiments could not be used because of the irregular effect of the drugs over the 100-minute period following the infusion of the thiosulfate. (This irregularity is reflected in a non-linear plot of the logarithms of the decreasing serum thiosulfate concentrations against time. Cardozo and Edelman wrote that such cases can not be used, for obvious reasons). By trial and error the best dose of carinamide was found to be 4 gm. given at 6:00 A.M. and 2 gm. given at 9:00 A.M., with the thiosulfate infusion given at 10:00 A.M. In the theophylline ethylenediamine experiments, 0.25 gm. of the drug was given intravenously about 10 minutes before the thiosulfate infusion and this was followed with a continuous infusion of another 0.25 gm. in 250 Table I shows that the disappearance curves did not intersect at zero time; in one case the lines did not cross at all and in the majority of cases the intersections occurred at 20 to 30 minutes after zero time. The experimental alteration of the renal clearance rate of thiosulfate changed the calculated volume of distribution in every case, the change being from 7 to 30 per cent. One of the experiments is shown in Figure  1, enediamine; the calculated volumes were 11.7 and 8.5 liters, respectively. This is the only experiment, in more than 20, in which three good disappearance curves were obtained. In the other eight cases reported there were two good curves, but the third with either carinamide or theophylline ethylenediamine departed from linearity on the semilog plot. Of the eight, five compare curves with no medication to curves with carinamide and three compare curves with no medication to those with theophylline ethylenediamine.
It would appear that the value for P0 is a function of the clearance rate of thiosulfate. Experimental alteration of the renal clearance rate changes P0 and results in changes in a predictable direction of the calculated volume of thiosulfate distribution. Decreasing the slope of the curve increases the calculated volume of distribution while increasing the slope of the curve decreases the calculated volume.
Comparison of thiosulfate spaces measured by the infusion/slope method to those calculated from the single injection method The single injection method was compared with the infusion/slope method in six fasting patients, with alternation of the method first applied.
In any one patient the tests were done on successive days. All solutions were given in 0.9 per cent saline.
The pairs of measurements did not check. In five of the six cases the volume of distribution for thiosulfate was considerably greater as measured by the infusion/slope method than as estimated froth the single injection method. The results, in factor of the IV minus UV formula of the calibrated infusion method.
As Figure 4 shows, these methods, quite different in principle, gave very similar volumes for the sucrose distribution. All but 1 of the 10 pairs of measurements checked within 10 per cent.
The points shown in the graph are symmetrically distributed about the line of identity and the average difference between the simultaneous measurements is zero. Here, the average ratio of 1.0 may not be fortuitous for, in contrast to the comparison of volumes of thiosulfate and sucrose distribution, the pairs of measurements check closely.
DISCUSSION
The apparent advantage of the single injection method lies in its circumvention of the constant infusion and urine collections. However, its theoretic bases do not seem sound. Thiosulfate is known to enter the red blood cells (1) and if it enters these cells it may enter others. Gilman, Philips, and Koelle (9) found that in dogs about one-fourth of the inj ected thiosulfate cannot be recovered and they concluded, on good evidence, that most of the irretrievable fraction disappeared during and j ust after the infusion. The incomplete recovery was confirmed, for man, by Cardozo and Edelman. This together with the odor of the urine after thiosulfate inj ection suggest that thiosulfate is metabolized in the body. Inasmuch as it is relatively stable in blood, in vitro, such metabolism probably occurs in cells.
The extrapolation of the decremental curve back to zero time implies questionable assumptions. One assumption is that thiosulfate disappears at the same exponential rate from the beginning of the infusion to the end of the blood collections (100 minutes). The assumed starting point for this exponential decrement in plasma concentration is based not upon the amount already injected at zero time, but upon the total amount to be injected over the next 10 or more minutes. This does not seem reasonable. Also, even when such injections are given within seconds, the early portion of the decremental curve is not adequately described by the course of the exponential limb, as shown by Sheppard, Overman, Wilde, and Sangren (10) and by Sapirstein, Buckley, and Ogden (11) . Another assumption is shown graphically in the first figure in the paper by Cardozo Figure 5 and the last line in Table II show that the slope of the serum thiosulfate disappearance curve was nearly twice as great in the single injection procedure as in the infusion/slope method. This suggests that the prolonged infusion of the latter method may have "saturated" some space not so "saturated" in the much shorter period of the single injection procedure, where thiosulfate may still be leaving the blood stream by diffusion into extravascular fluid throughout the whole course of observation. Possibly this "saturation" occurring in the prolonged period of constant infusion represents the attainment of concentration equilibrium between plasma and extravascular fluid available to thiosulfate. There are other possible factors in the slower rate of clearance from the plasma, after prolonged infusion. One might be increased feedback from extravascular sources; this, again, would suggest that in the single injection method the extravascular sources had not been brought into equilibrium with plasma water. Another possibility is that the rate of metabolism of thiosulfate slows down after prolonged infusion.
If 
